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(54) Electric power steering system 

(57) An electric power steering system of this inven- 
tion can inform the driver of potential danger before a 
vehicle enters a dangerous situation. The occurrence of 
dangerous situations is determined based on a signal 
from an obstacle sensor (15). K a steering wheel (1) is 
turned in a dangerous situation, a warning control is per- 
formed by control means (1 4) on a motor (1 3). The motor 
outputs a torque for t1 second, for example, which 
counters against turning of the steering wheel (1). Then. 



the motor enters a *'non-assist** state wherein no current 
is applied thereto for t2 second. If an intermittent counter 
torque is applied by the motor, it is hard to turn the steer- 
ing wheel. The steering wheel is caused to vibrate, 
thereby preventing the vehicle from being steered to col- 
lide with an obstacle. The driver is warned of the danger 
through the vibration caused in the steering wheel. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates in general to an elec- 
tric power steering system and more particularly to an 
electric power steering system capable of informing a 
driver of potential danger by providing control by way of 
safety precaution before a vehicle enters a dangerous 
situation 

Description of the Prior Art 

As a pr lor ar t system related to the present invention, 
a systenn for warning of a vehicle accidentally drifting out 
of the traffic lane ts disclosed in Japanese Unexamined 
Patent Publication No 6-76200 (1 994). This prior art sys- 
tem ts mainly directed to a system for warning a driver 
when the vehide starts drifting out of the lane resulted 
from his falling asleep. This system keeps watch on the 
traffic lane (a hne on a road) using a television camera 
and gives a warning to the driver when the veNcle starts 
drifting out of the lane. To give the warning, a vibration 
actuator ifxorporated in the steering wheel directly 
vibrates a spoke portion of the steering wheel. 

Dangerous situations which are expected to occur 
while the vehicle is moving include not only in cases 
where the vehicle is not steered because the driver has 
fallen asleep behind the wheel, but also those where the 
driver is steering the wheel. 

Referring to FIG. 1 . suppose that Vehicle Cl in the 
left lane and Vehicle C2 in the right lane are moving in 
the same direction on a divided road R with two lanes 
each way. Vehicle Cl is running somewhat ahead rela- 
tive to Vehide C2, and Vehide C2 is approaching Vehide 
Cl from the right rear and is moving at a faster speed 
than Vehide Cl. 

When the vehicles so positioned are moving, if the 
driver of VeNcle Cl is not aware of the approach of Vehi- 
cle C2 from the right rear and tries to change lanes, as 
shown by the broken line in the figure, a dangerous sit- 
uation may occur which could cause a collision. 

Such danger does not stem from the fact that the 
driver has. lor example, fallen asleep behind the wheel 
and has not actively steered the vehide, as is the case 
described in the prior art system, but rather resulted from 
the fact that the driver carelessly has failed to check his 
rear to make sure that he may safely change lanes and 
has turned the steering wheel. 

The prior art system does not fully assure the pre- 
vention of occurrence of dangerous situations caused by 
such a carelessness of the driver. It is extremely danger- 
ous to cause vibration in the steering wheel in response 
to the detection of the white dividing line by the television 
camera when the driver is actively turning the steering 
wheel to change lanes. 



SUMMARY OF THE INVENTIOfa 

In view of the foregoing, it is the main object of the 
present invention to provide a system performing control 

5 by way of safety precaution adapted to avoid dangerous 
situations which could be caused due to the intention of 
the driver to turn the steering wheel. 

According to a mode of the present invention, an 
electric power steering system which is combined with a 

10 steering mechanism induding a steering wheel and 
which has a motor for producing a steering assist force 
when the vehide is steered by means of the steering 
wheel, the power steering system is characterized by 
comprising: 

IS obstacle detecting means for determining the 

presence of an obstacle in the periphery of the vehicle; 
and 

warning control means for driving the motor to 
cause vibration in the steering wheel when an obstacle 
20 is detected by tiie obstacle detecting means. 

According to another mode of the invention, the 
aforesaid electric power steering system is character- 
ized by further comprising means for determining 
whether the steering wheel is turned or not, wherein the 
25 warning control means drives the motor so as to vibrate 
the steering wheel stronger when the steering wheel is 
not turned than when it is turned. 

According to another mode of the invention, it is 
characterized in that the warning control means does not 
30 perform the warning control when the steering wheel is 
within a range of play with the middle point at the center 
thereof, wherein the steering wheel is not practically 
involved in steering operation. 

According to still another mode of the invention, it is 
35 characterized in tiiat the warning control means regu- 
lates a value of current and/or voltage applied to the 
motor to a predetermined target value, and fluctuates the 
target value cyclically when an obstacle is detected by 
tiie obstacle detecting means. 
40 According to another mode of the invention, it is 
characterized in that the warning control means so drives 
the motor as to produce an intermittent counteractive 
force against turning of the steering wheel. 

According to yet another mode of tiie invention, it is 
45 characterized in that the warning control means provides 
control such that the motor alternates an "adverse- 
assist" state wherein the motor produces a counteractive 
force against turning of tiie steering wheel, and a "non- 
assist" state wherein the motor produces no counterac- 
50 tive force. 

According to a mode of the present invention, in 
response to forecast of danger due to the approach of 
an obstacle, the vibration is caused in tiie steering wheel 
thereby warning the driver of potential danger. The vibra- 
55 tion in the steering wheel is caused by. for example, cyclic 
fluctuation of a target control value off the motor With tiie 
cyclic fluctuation of a target control value of the motor, 
the steering assist force produced by the motor cyclically 
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fluctuates when the vehicle is steered by means o1 the 
steering wheel. 

According to another mode of the invention, the 
steering wheel vibrates stronger when the vehicle is 
moving straight with the steering wheel kept unturned 
than when the vehicle is steered to change its travelling 
course. Accordingly, when the vehicle is moving straight, 
the driver is assuredly warned of potential danger by a 
strong vibration of the steering wheel. On the other hand, 
while the steering wheel is being turned, the steering 
wheel vibrates not stronger on which the driver is allowed 
to keep turning, thereby warning the driver of danger 
without making the driver feel scared. 

According to Jhe present invention having the fore- 
going modes, when a dangerous situation is forecast, the 
driver is prevented from steering the vehicle to a more 
dangerous direction whereby traffic accident is avoided 
in advance and the travelling safety is improved. 

Particularly, a relatively strong vibration is caused in 
the steering wheel when the vehicle is moving straight, 
whereas a relatively mild vibration is caused when the 
vehicle is changing its travelling course, so that the trav- 
elling safety may be improved without making the driver 
feel scared. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram for illustrating a dangerous situ- 
ation expected to occur while vehicles are moving. 

FIG. 2 It a diagram schematically illustrating the 
whole arranctsment of an electric power steering system 
according to an embodiment of the present invention. 

FIG. 3 is a graphical representation showing the 
relation between torque voltage Tv and torsional angle. 

FIG. 4 is a flow chart schematically illustrating an 
outline of virarning control in an electric power steering 
system according to an embodiment of the present 
invention. 

FIG. 5 is a memory map showing the content of a 
memory oiu ODntrol unit. 

FIG. 6 is a flow chart showing the whole routine of 
warning control performed by a control unit. 

FIG. 7 is a flow chart showing the whole routine of 
warning control performed by a control unit. 

FKJ. 8 is a detailed flow chart showing the routine of 
warning control (strong) against the rightward turning of 
the steering wheel. 

FIG. 9 is a detailed flow chart showing the routine of 
warning control (strong) against the leftward tuming of 
the steering wheel. 

FIG. 10 is a detailed flow chart showing the routine 
of warning control (mild) against the rightward turning of 
the steering wheel. 

FIG. 11 is a detailed flow chart showing the routine 
of warning control (mild) against the leftward turning of 
the steering wheel. 



DESCRIPTION OF THE EMBODIMENT 

FIG. 2 is a diagram schematically illustrating the 
whole arrangement of an electric power steering system 
5 according to an embodiment of the present invention. 
Refen-ing to FIG. 2 firstly, the arrangement and opera- 
tions of an electric power steering system according to 
this embodiment of the present invention will be 
described. 

10 . A steering mechanism includes a steering wheel 1 , 
an input shaft 2 connected to the steering wheel 1 and 
an output shaft 3 coupled to the input shaft 2. The input 
shaft 2 and the output shaft 3 are linked to each other by 
means of a torsion bar 4. Connected to the downstream 

15 side of the output shaft 3 is a pinion gear 5 which is 
meshed with a rack shaft 6 extending in the lateral direc- 
tion of a vehicle. Tires 8 are connected to the rack shaft 
6 by means of a tie rod 7. 

Such a steering mechanism incorporates an electric 

20 power steering system servi ng as a steering aid system. 
The electric power steering system includes a torque 
sensor 1 0 provided in association with the torsion bar 4, 
adecelerator 1 1 engaged with the output shaft 3. a motor 
13 for applying a drive force through a clutch 12 to the 

25 decelerator 1 1 and a control unit 14. The control unit 14 
is supplied with torque voltage Ty from the torque sensor 
10 and vehicle speed signal from a wheel speed sensor 
which is not shown in the figure. It is also supplied with 
signal from an obstacle sensor 1 5. 

30 The obstacle sensor 15 includes, for example, four 
sensors mounted to the four corner portions of the vehi- 
cle for outputting a signal indicative of the detection of 
an obstacle approaching any one of the right and left cor- 
ners in the front and rear of the vehicle. The obstacle 

35 sensor may be a sensor, such as an ultrasonic sensor or 
an infrared ray sensor, which irradiates a signal of ultra- 
sonic wave or infrared rays to detect the reflection 
thereof. Alternatively, the obstacle sensor may be a com- 
bination of an image reading device, such as CCD, and 

40 an image processing unit. Such an obstacle sensor 15 
has been known in the art and therefore, the detailed 
description thereof is omitted. 

During normal steering assist control wherein no 
signal is applied from the obstacle sensor 1 5, the control 

45 unit 14 regulates the value of current supplied to the 
motor 13 according to a torque voltage Ty of the torque 
sensor 10 and a vehicle speed signal, and also On/Off 
of the clutch 12. When a signal is supplied from the 
obstacle sensor 1 5, the control unit 1 4 performs warning 

so control which will be described hereinbelow. 

Now. operations during the normal steering assist 
control is described. Firstly, the input shaft 2 is rotated 
by a torque applied to the steering wheel 1 . The output 
shaft 3 receives a load including a road reactive force 

55 applied through the pinion gear 5, the rack shaft 6. the 
tie rod 7 and the tires 8 which are coupled to the down- 
stream side of the output shaft 3. Accordingly, the rota- 
tion of the input shaft 2 is not directly transmitted to the 
output shaft 3, but causes torsion in the torsion bar 4 
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because of the load affecting the steering system. The 
torsion, or a relative rotational angular displacement 
between the input shaft 2 and the output shaft 3 is 
detected as a torque voltage by the torque sensor 1 0 
to be transmitted to the control unit 14. The control unit 
14 in turn regulates the value of cun-ent supplied to the 
motor according to a torque voltage Ty and a vehicle 
speed signal, so that the motor 13 may output a prede- 
termined torque. The output torque is applied through 
the clutch 1 2 to the decelerator 11 to be arrplif ied for the 
rotation of the output shaft 3. When it is not necessary 
to apply an output torque of the motor 13 to the output 
shaft3. the clutch 12 is switched off by the control unit 14. 

When the input shaft 2 is rotated either rightward or 
leftward by a torque applied to the steering wheel 1 . the 
control unit 14 normally causes the motor 13 to produce 
a torque such that the output shaft 3 is rotated in the 
same direction as the input shaft 2 rotates. This reduces 
the load on the steering system which is received as a 
reactive force by the steering wheel 1 . and thus the steer- 
ing wheel 1 can be turned with less force. 

FIG. 3 is a graphical representation showing the 
relation between a torque voltage Tv supplied by the 
torque sensor 10 and a torsional angle which occurs in 
the torsion bar 4 (relative rotational angular displace- 
ment between the input shaft 2 and the output shaft 3). 

In this embodiment, when the torque sensor 10 out- 
puts the torque voltage of 2.5 V. as shown in FIG. 3. the 
steering wheel 1 is at the middle point with the input shaft 
2 receiving neither a rightward nor a leftward torque. 
When the steering wheel 1 is turned to the right, the Input 
shaft 2 is rotated rightward but the output shaft 3 cannot 
follow the rotation of the input shaft 2 because of the load, 
andthus torsion is caused In the torsion bar 4. The torque 
voltage Ty of the torque sensor 10 varies con-esponding 
to adegree of torsion in the torsion bar 4. When the steer- 
ing wheel 1 is turned to the right, the greater the amount 
of torsion, the greater the value of the torque voltage T^ 
Ck^nversely when the steering wheel 1 is turned to the 
left, the torque voltage Tv of the torque sensor 10 
deaeases inversely of the amount of torsion. When a 
torque voltage Ty of the torque sensor 10 is in the range 
of 2.3^Tvs2.7 wherein 2,5 V is at the center thereof, 
which 2.5 V is a value when the steering wheel 1 is posi- 
tioned at the middle point, it may be considered that the 
steering wheel 1 has returned substantially to the middle 
point (in a state where the steering wheel 1 is not turned 
neither rightward nor leftward), and therefore, the same 
control operation may be performed as when the steer- 
ing wheel 1 is at the middle point. When a torque voltage 
Tv is in the range of 1 .9<Tv<3. 1 . the steering wheel 1 is 
in a so-called range of play. When the steering wheel 1 
is in this range of play, the steering wheel 1 is not prac- 
tically involved in the steering operation, and therefore, 
the warning control to be described hereinbelow is not 
performed. 

When the steering wheel 1 is turned and the vehicle 
actually changes its travelling course, a level of the 
torque voltage Tv is, for exanrple. 3.1 V or more, if it is 



turned rightward; whereas, a level of the torque voltage 
Tv is, for example, 1.9 V or less if it is turned leftward. 

During the normal steering assist control, the control 
unit 14 shown in FIG. 2 regulates a value of current 
5 applied to the motor 1 3 In accordance with a torque volt- 
age Tv of the torque sensor 10, which varies as shown 
in FIG. 3, and a vehicle speed signal. More specifically, 
when a value of the torque voltage Tv exceeds 2.7 V, the 
motor 13 is caused to rotate rightward. for example. 
10 thereby producing a steering assist torque for rotating 
the output shaft 3 rightward (in the same direction as that 
the steering wheel 1 is turned). 

Conversely when a value of the torque voltage Tv is 
lower than 2.3 V. the motor 13 is caused to rotate left- 
15 ward, for example, thereby producing a steering assist 
torque for rotating the output shaft 3 leftward. 

In this embodiment, the direction of the steering 
assist torque produced by the motor 13 is switched either 
rightward or leftward by switching the rotational direction 
20 of the motor 1 3. Instead of switching the rotational direc- 
tion of the motor 13. the decelerator 11 may be utilized 
to mechanically switch the direction of the steering assist 
torque applied to the output shaft 3. 

FIG. 4 is a flow chart schematically illustrating an 
25 outline routine of the warning control by way of safety 
precaution in an electric power steering system accord- 
ing to the embodiment of the present invention. 

Refemng to FIG. 4. the control unit 14 firstly deter- 
mines whether any dangerous situation exists or not 
30 (Step PI), based on a signal from the obstacle sensor 
15. In a dangerous situation, it determines whether the 
steering wheel 1 is turned to the right or to the left, in 
response to a predetermined torque voltage Tv (e!g., 
Tv^3.l V. or Tv^1.9 V) applied from the torque sensor 
35 10 CYES" in Step P2). According to the determination, 
the control unit 1 4 peribrms on the motor 1 3 the following 
warning control instead of the normal steering assist 
control. 

It causes the motor 1 3 to output a torque for t1 sec- 
40 ond. which operates to rotate the output shaft 3 in a direc- 
tion counter to that the steering wheel is turned. Such a 
torque in the counter direction is applied for a fractional 
moment, such as 0.01 second, and therefore, the output 
shaft 3 is not actually turned in the counter direction but 
45 a steering force through the input shaft 2 and a steering 
assisttorqueappBed in thecounterdirectionbythe motor 
1 3 are offset each other so that the output shaft 3 is sub- 
stantially locked (Step P3). Thereafter the motor 1 3 is in 
a "non-assist" state for t2 second in which the motor 13 
50 outputs no torque (Step P4). 

If it is determined that the dangerous situation still 
exists (Step PI) and then is determined that the steering 
wheel 1 is turned (Step P2). the "adverse-assist" state 
in Step P3 and the "non-assist" state in Step P4 are 
55 repeated alternatively. 

This is how the warning control by way of safety pre- 
caution proceeds in this embodiment. During the warn- 
ing control operations, the alternation between the 
•'adverse-assist" state and the "non-assist" state causes 



<EP 0718173A2J_> 



7 



EP 0 718 173 A2 



8 



the steering wheel 1 to vibrate in a certain rhythmic pat- 
tern, thereby the steering wheel hardly be turned, and 
thus, the driver may be informed of the occurrence of 
danger. Additionally, the driver is inhibited from steering 
the vehicle toward where the danger might be occunred. 
so that a collision may be avoided in advance. 

Instead of entering the "non-assist" state in Step P4. 
the motor 3 may produce a weaker "adverse assist** 
torque than that of Step P3 or produce a little assist 
torque. 

With reference to the detailed flow charts, more spe- 
cific content of the warning control will be described. 

FIG. 5 is a memory map showing the content of a 
memory which is required in the control unit 1 4 (see FIG. 
2) for performing specific controls. The control unit 14 
comprises electronic devices such as, CPU. BOM and 
RAM. The content of the memory map shown in FIG. 5 
is stored, for example, in RAM. 

As shown in FIG. 5, the control unit 14 comprises a 
danger avoidance counter DAC. a direction flag DF, a 
control flag CF, a torque counter TC1 , a torque counter 
TC2. a torque voltage register TVR1 and a torque voltage 
register TVR2. The danger avoidance counter DAC 
counts the number of times of warning control execution. 
The direction flag DF is required for determining which 
direction, rightward or leftward, the steering wheel 1 is 
turned: if the steering wheel 1 is turned to the right, it is 
set to "0". whereas if the steering wheel 1 is turned to 
the left, it is set to T. The control flag CF determines 
whether the steering wheel 1 is returned to the middle 
point or not; each time the steering wheel 1 returns to 
the middle point, it is set to "0". The torque counter TCI 
counts the timing of sampling of a torque voltage Ty 
applied by the torque sensor 10; it outputs a signal irxJic- 
ative of a timing to sample a torque voltage Ty every 10 
milliseconds period during which 20 times of 0.5 millisec- 
onds interruptions are counted. The torque counter TC2 
counts the timing of sampling of a torque voltage Ty 
applied by the torque sensor 10; it outputs a signal indic- 
ative of a timing to sample a torque voltage Ty every 1 00 
milliseconds period during which 200 times of 0.5 milli- 
seconds interruptions are counted. The torque voltage 
register TVR1 holds the latest five sampled torque volt- 
ages at 10 milliseconds intervals, if a torque voltage T^ 
is sampled in response to each timing signal applied by 
the torque counter TC1. The torque voltage register 
TVR2 holds the latest five sampled torque voltages at 
100 milliseconds intervals, if a torque voltage Ty is sam- 
pled in response to each timing signal applied by the 
torque counter TC2. 

Out of the counters, flags and registers shown in 
FIG. 5, the danger avoidance counter DAC and the 
torque counter TCI are used for control after having 
been set to ""O" by the initialization routine. 

FIGs. 6 and 7 are flow charts each showing the 
whole routine of the warning control performed by the 
control unit 14. 



The warning control is executed by way of interrupt 
handling which occurs, for example, every 0.5 millisec- 
onds. 

In this control, a current applied to the motor 1 3 dur- 

5 ing the normal steering assist control is first subject to a 
limiter processing (Step SI). 

In the subsequent Step S2. whether the danger 
avoidance counter DAC is '*0** or not is determined. If 
DAC is not "0". any of the warning controls has already 

10. . started, and. therefore, the flow proceeds to Step S25 
described hereinbelow. 

If. on the other hand, the danger avoidance counter 
DAC is **0'*. the nornnat steering assist control is still 
underway. In this case, whether the direction flag DF is 

15 "0" or **! "is determined (Step S3). That is, whether the 
steering wheel 1 has turned the input shaft 2 to .tie right 
or to the left is determined. If the direction flag DF is '*1 ** 
indicating that the input shaft 2 has been turned to the 
left, then whether a level of the torque voltage Ty is 2.3 

20 V or more is determined (Step S4). On the other hand, 
if the direction flag DF is "0" indicating that the input shaft 
2 has been turned to the right, then whether a level of 
the torque voltage Tv is 2.7 V or less is determined (Step 
S6)- 

25 As shown in FIG. 3, when a level of the torque volt- 
age Tv is 2.3 V or more despite the leftward turning of 
the input shaft 2. or when a level of the torque voltage 
Tv is 2.7 V or less despite the rightward tuming of the 
input shaft 2, the steering wheel 1 is in a range to be 

30 considered to have returned to the middle point. Accord- 
ingly, with the steering wheel 1 being in this range, the 
control flag CF is set to **0" in Step 85 or Step S7 and 
that the steering wheel 1 is positioned substantially at 
the middle point is stored. 

35 Thus in Steps S3 through S7. determination is made 
on whether or not the steering wheel 1 is in the range to 
be considered to have returned to the middle point; if the 
steering wheel 1 is in this range. "0** is written in the con- 
trol flag CF. 

40 In the subsequent Steps 88. 89 and S11 . a level of 
the torque voltage Tv is determined. As shown in FIG. 
3. when the steering wheel 1 is at the middle point, a 
level of the torque voltage Ty is 2.5 V. and the level varies 
depending upon whether the steering wheel 1 is turned 

45 to the right or to the left. If Tv<2.5 V, it is determined that 
the steering wheel 1 is turned to the left, otherwise it is 
determined thatthesteering wheel 1 is turned to the right 
(Step S8). 

If the steering wheel 1 is turned to the left, whether 
so a torque voltage Ty is 1.9 V or less is determined. If 
Tv>1 .9 V. it is determined that the steering wheel 1 is in 
the range of play, as shown in FIG. 3, wherein the steer- 
ing wheel 1 is notpractically involved in thesteering oper- 
ation, and therefore, the flow proceeds to Step 822 
55 omitting the warning control. 

If Tv^1.9V. the vehicle is changing its travelling 
course by tuming the steering wheel 1 to the left, and 
accordingly, the direction flag DF is set to "1 " at this time 
(Step 81 0). If the torque voltage Tv marks more than 2.5 
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V in Step SB, it is determined that the steering wheel 1 
is turned to the right, and whether a torque voltage Ty at 
this time is 3. 1 V or more is determined (Step S11 ). If the 
torque voltage Tv is less than 3.1 V. the steering wheel 
1 is in a so-called range of play wherein the steering 
wheel 1 is not practically involved in the steering opera- 
tion, and therefore, the flow proceeds to Step S22 omit- 
ting the warning control. If. on the other hand, the torque 
voltage Tv is 3,1 V or more, the vehicle is changing its 
travelling course by turning the steering wheel l .to the 
right. Accordingly, the direction flag DF is set to "0" at this 
time and that the steering wheel 1 is turned rightwaixJ is 
stored (Step 812). 

Thereafter, the content of the control flag CFisdeter- 
mined (Step 813). It the control flag CP is "0" indicating 
that the steering wheel has returned to the middle point, 
the vehicle is moving straight, and in this state the steer- 
ing operation will be started. At this time, the content of 
the direction flag DF is determined (Step Si 4); if the 
steering wheel 1 is turned leftward, a torque voltage Ty 
50 milliseconds before is compared to 1.9 V. which is a 
boundary value for determining whether the steering 
wheel 1 is in the range of play or not (Step 815). If the 
steering wheel 1 is out of the so-called range of play 
being involved in the steering operation, the warning con- 
trol against the leftward turning of the steering wheel 
(mild) is performed such that the warning control may be 
performed without interfering with the steering operation 
(Step 816). 

On the other hand, if the steering wheel 1 is in the 
range of play, tf o vehicle is moving straight; in order to 
keep the vehiclu moving straight, the warning control 
against the leftward turning of the steering wheel (strong) 
is performed thereby inhibiting thetuming of the steering 
wheel (Step Si 7). 

Similarly in Step Sl4, if the direction flag DF is "0" 
indicating that the steering wheel 1 is turned rightward, 
whether a torque voltage Ty 50 milliseconds before is 
more than 3.1 V or not is determined- If it is 3.1 V or more, 
the warning co i:rol against the rightward turning of the 
steering wheel (mild) is performed (Step SI 9). On the 
other hand, if a torque voltage Ty 50 milliseconds before 
is less than 3.1 V. the warning control against the right- 
ward turning of the steering wheel (strong) is performed 
(Step 820,. 

If. ir Step SI 3, the control flag CF is "r indicating 
that the steering wheel 1 has not returned to the middle 
point, the state of the direction flag DF is determined in 
Step S21 ; if the steering wheel 1 is turned leftward, the 
warning control against the leftward turning thereof 
(mild) is performed (Step SI 6). If the steering wheel 1 is 
turned rightward, the warning control against the right- 
ward turning thereof (mild) is performed (Step 819). 

In this manner, in the warning control, the motor 13 
produces either a weak or a strong "adverse assist" force 
(a counteractive force against turning of the steering 
wheel) depending upon whether the steering wheel 1 is 
prcctically involved in the steering operation or is in the 
vidnity of the middle point. The reason for providing dif- 



ferent levels of the "adverse assist" force is because if a 
great "adverse assist" force is applied to the steering 
wheel 1 while the driver is turning it. the driver may feel 
as if the steering wheel 1 were forced bacK and there- 
5 fore, a need exists for causing such a mild vibration in 
the steering wheel 1 as may not make the driver feel that 
way. 

On the other hand, when the vehicle is moving 
straight, the application of such a great "adverse assist" 
10 force does not make the driver feel as if the steering 
wheel were forced back, and therefore, a strong warning 
control is performed to cause a relatively strong vibration 
in the steering wheel 1. 

When the steering wheel 1 Is in the range of play. 
15 the warning control is not performed, and in Step 822. a 
target cun^ent value of the motor 13 is subject to the lim- 
iter processing using a current value for the normal steer- 
ing assist control. Based on a count value of the torque 
counter TC, a torque voltage Ty applied by the torque 
20 sensor 1 0 is sampled every 1 0 milliseconds to be stored 
in tiie torque voltage register TVRI (Step S23-1). In the 
torque voltage register TVRI. the oWest data is aban- 
doned and a new data is written. Based on a count value 
of the torque counter TC2. a torque voltage Ty applied 
25 by the torque sensor 10 is sampled every 100 millisec- 
onds to be stored in the torque voltage register TVR2 
(Step 823-2). In the torque voltage register TVR2, the 
oldest data is abandoned and a new data is written. 
Thereafter, tfie normal steering assist control is per- 
30 formed using a current value limited in Step 822 (Steo 
824). ^ ^ 

If. in Step 82, the danger avoidance counter DAC is 
not "0" indicating that the warning control has already 
started, the state of the direction flag DF is determined 
35 in Step 825; if the steering wheel 1 is turned leftward, 
the state of ihe control flag CF is determined (Step 826). 
Similarly if the steering wheel 1 is turned rightward. the 
state of the control flag CF is determined (Step 827). The 
control flag CF indicates whether the steering wheel 1 
40 has returned to the middle point or not; depending upon 
the indication of the control flag CF. there is performed 
any one of the warning controls which are against the 
rightward turning of the steering wheel (strong), against 
the rightward turning thereof (mild), against the leftward 
45 turning tiiereof (strong) and against the leftward tuming 
thereof (mild) as shown in FIGs. 8 through 11 respec- 
tively. 

FIG. 8 is a detailed flow chart showing the routine of 
the warning control (strong) against the rightward tuming 
50 Of the steering wheel 1 . 

Reffemng to FIG. 8. firstly a signal indicative of dan- 
ger applied by the obstacle sensor 15 is read in (Step 
831) for determination on whether a dangerous situation 
exists or not (Step 832). 
55 When it is determined that tiiere is a dangerous sit- 
uation, tiie control flag CF is set to "0" and a maximum 
value of the cunent supplied to the motor 1 3 is set to. for 
example, "361" con-esponding to 65A (Step 834). Then, 
the danger avoidance counter DAC is caused to start 
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counting with a control current value set to "ffSO" while 
its count is less than "20" (Step S36). and the motor 13 
is regulated using the set current value as the target cur- 
rent value of the motor 13 (Step S37). A count value of 
the danger avoidance counter DAC is incremented by 1 5 
every 0.5 milliseconds (Step S38). 

Thus, the motor 13 is driven so as to output a left- 
ward assist force for 10 milliseconds which counters the 
rightward turning of the steering wheel 1 . 

. Nextly. the control current value is set to "0" while 10 
the count value of the danger avoidance courtter DAC is 
in a range from 20 to less than 180 (Steps S39. S40) so 
that no current is applied to the motor (Step 37). Then, 
the count value of the danger avoidance counter DAC is 
incremented (Step S38). is 

This brings the motor into the "non-assist" state for 
80 milliseconds. 

Thereafter, while the count value of the danger 
avoidance counter DAC is in a range Irom 1 80 to less 
than 200, the control current value is set again to "ff30'* 20 
so that the current of that value may be applied to the 
motor 13. and the count value of the counter DAC is 
incremented (Step S41 -> S42 S37 S38). Accord- 
ingly, the motor 13 produces an "adverse assist" force 
for 10 milliseconds. 25 

In like manner, the "non-assist" state for 80 millisec- 
onds keeps alternating with the "adverse-assist" state for 
1 0 milliseconds until the count value of the danger avoid- 
ance counter DAC reaches "380" (Step S47), when the 
control current value is set to "0" for the normal steering 30 
assist control (Step S48). 

The current value for the normal steering assist con- 
trol is set to **0'' in order to prevent the warning control 
from being abruptly switched to the normal steering 
assist control at a high current value. 35 

FIG. 9 is a f k>w chart showing the routine of the warn- 
ing control against the leftward turning of the steering 
wheel 1 (strong). This flow chart has the same content 
with that of the warning control against the rightward 
turning thereof (strong) as shown in FIG. 8, except that 40 
current values set In accordance with count values of the 
danger avoidance counter DAC are different. 

The flow charts showing the routines of the warning 
control against the rightward turning of the steering 
wheel 1 (mild) and against the leftward turning thereof 45 
(mild) shown in FIGs. 10 and 1 1 respectively, have the 
same content with that shown in FIG. 8, except that cur- 
rent values set in accordance with count values of the 
danger avoidance counter DAC are different and that the 
following steps are performed: before reading a signal so 
indicative of danger, determination is made in Step SI 00 
whether a torque voltage Ty is greater than (a Ty 50 mil- 
liseconds before + 0.1 V) or not, thereby detecting a 
quick turning of the steering wheel 1 . whereas determi- 
nation is made in Step SI 01 whether a torque voltage ss 
Tv is greater than (a Ty 500 milliseconds before + 0.3 V) 
or not, thereby detecting a slow turning of the steering 
wheel 1 ; and before reading a signal indicative of danger, 
determination is made in Step Si 10 whether a torque 



voltage Tv is less than (a T^ 50 milliseconds before - 0.1 
V) or not, thereby detecting a quick turning of the steering 
wheel 1 , whereas determination is made in Step S1 1 1 
whether a torque voltage Ty is less than (a Tv 500 milli- 
seconds before - 0.3 V) or not. thereby detecting a slow 
turning of the steering wheel 1 . 

If the aforesaid warning control is performed, vibra- 
tion is caused in the steering wheel 1. The algorithm of 
vibration production, or the contents of the warning con- 
trols shown in FIGs. 8 through 1 1 will be summarized as 
follows: 

(a) a period of 1 0 milliseconds: a target current value 
of the motor is set to a value which is counter to that 
of a steering force ("adverse assist"); 

(b) a period of 80 milliseconds: a target current value 
of the motor is set to "0" ("non-assist"); 

(c) a period of 10 milliseconds: a target current value 
of the motor is set to a value counter to that of a 
steering force; 

(d) a period of 80 milliseconds: a target current value 
of motor is set to "0"; 

(e) a period of 1 0 milliseconds: a target current value 
of the motor is set to a value counter to that of a 
steering force; and 

(f) a period of 0.5 milliseconds: normal steering 
assist control (warning interval) 

The above described control steps (a) through (f) 
are repeated until it is determined that there is no dan- 
gerous situation. 

The aforementioned specific millisecond periods are 
given merely by way of example, and in principle, a 
period of any milliseconds that allows the steering wheel 
1 to be vibrated in a rhythmic pattern may be used. 

The warning control according to the embodiment 
described above adopts a set of three times of vibration 
to be caused in the steering wheel 1 . In dangerous situ- 
ations, however, the steering wheel 1 may be caused to 
vibrate continuously regardless of the number of vibra- 
tions of the set. 

Claims 

1. An electric power steering system suitable for use 
with a vehicle steering mechanism (1. 2. 3, 4. 5, 6) 
including a steering wheel (1) and a motor (13) for 
producing a steering assist force when the vehicle 
is steered by the steering wheel (1 ), the power steer- 
ing system comprising: 

obstacle detecting means (15) for determining the 
presence of an obstacle in the periphery of the vehi- 
cle; and 

warning control means (14) for driving the motor (13) 
to cause vibration in the steering wheel (1) when an 
obstacle is detected by the obstacle detecting 
means (15). 
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2. An electric power steering system as set forth in 
Claim 1, further comprising means for determining 
whether the steering wheel (1) Is turned or not. 
wherein the warning control means (14) is adapted 

to drive the motor (1 3) so as to vibrate the steering 5 
wheel ( 1 ) stronger when the steering wheel (1) Is not 
turned than when it is turned. 

3. An electric power steering system as set forth in 
Claim 1 or 2, wherein the warning control means (14) 10 
is adapted not to perform the warning control when 
the steering wheel (1) Is within a range of play about 
the middle point of steering, wherein the steering 
wheel (1) is not practically involved In steering oper- 
ation. 15 

4. An electric power steering system as set forth In any 
one of Claims 1 to 3. wherein the warning control 
means (14) is adapted to regulate a value of current 
and/or voltage applied to the motor (13) to a prede- 20 
termined target value, and to fluctuate the target 
value cyclically when an obstacle Is detected by the 
obstacle detecting means (15), 

5. An electric power steering system as set forth in any 25 
one of Claims 1 to 3. wherein the warning control 
means (14) is adapted to drive the motor (13) so as 

to produce an intermittent counteractive force 
against tuming of the steering wheel (1). 

30 

6. An electric power steering system as set forth In any 
one of Claims 1 to 3, wherein the warning control 
means (14) Is adapted to control the motor (13) to 
alternate an "adverse-assist" state wherein the 
motor (13) produces a counteractive force against 3s 
turning of the steering wheel (1), and a non-assist" 
state wherein the motor (13) produces no counter- 
active force. 
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(54) Electric power steering system 

(57) An electric power steering system of this inven- 
tion can inform the driver of potential danger before a 
vehicle enters a dangerous situation. The occurrence of 
dangerous situations is determined based on a signal 
from an obstacle sensor (15). If a steering wheel (1) is 
turned in a dangerous situation, a warning control is 
performed by control means (14) on a motor (13). The 
motor outputs a torque for t1 second, for example, which 
counters against turning of the steering wheel (1). Then, 
the motor enters a "non-assist" slate wherein no current 
is applied thereto for t2 second. If an intermittent coun- 
ter torque is applied by the motor, it is hard to turn the 
steering wheel. The steering wheel is caused to vibrate, 
thereby preventing the vehicle from being steered to 
collide with an obstacle. The driver is warned of the dan- 
ger through the vibration caused in the steering wheel. 
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